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The ootheca of Blatta orientalis was chosen as the object of an investi gation into the hardening mechanism of the insect cuticle because the material of which it is composed looks like the hard brown exocuticle of a typical insect. It is, however, secreted by glands, from which comparatively large amounts of the substances concerned can be obtained.
The ootheca is about 8 mm. long, and has the shape of a carpet bag, opening by two flat adpressed lips, which have a regular pattern of ridges and hollows on them. Inside there are about a dozen elongated eggs, arranged in two rows. In the wall of the ootheca are embedded numerous crystals of calcium oxalate (Hallez 1909) . The function, if any, of these crystals is obscure; they may help to harden the wall, or they may simply be excretory products, since Sinety (1901) has recorded crystals of an oxalate from the Malpighian tubules of a phasmid.
The production of the ootheca occupies about 24 hr. at 27° C. Until it is complete it is carried by the female in the genital pouch: the end pro jects farther and farther as more is secreted, until finally it is dropped or buried by the insect. In the early stages of secretion the small portion of the ootheca which projects from the pouch is white and opaque, but in the course of 3 or 4 hr. it becomes transparent, and the colour changes, first to pink, and then to a reddish chestnut. After it is laid the ootheca continues to darken, and after about 3 weeks it becomes almost black. When white it is still soft, but it becomes progressively harder and more brittle. If the ootheca is removed from the pouch before it is completed it can be observed th at there is an area at the end th at is in process of secretion which is white and still very soft. Campbell (1929) was the first author who remarked th at the ootheca did not contain any chitin, since he found that it dissolved in hot caustic alkalies, leaving only an extremely thin membrane of unknown com position. The substance of the ootheca shows all the negative properties which, according to Wigglesworth (1933) , are characteristic of the " cuticulin" of the exocuticle of Rhodnius. It is not digested by trypsin, does not dissolve in dilute acids or alkalies, and is only very slowly attacked by concentrated hydrochloric acid in the cold. The reaction which it gives with Millon's reagent is typical; on warming there is first a strong red colour developed, but on further heating the red colour fades, and the whole structure melts to a viscous yellow fluid, which sets hard on cooling and forms a brittle yellow mass. This material is not soluble in alcohol, ether, carbon disulphide, or dilute acids, but it will dissolve in dilute alkalies, in which it gives a deep orange solution. Neither this material nor the original oothecae will stain with fat stains. The behaviour of the ootheca with dilute nitric acid, or with Schulze's mixture (potassium chlorate in nitric acid) is the same, except that there is no red colour developed.
Co m p o s it io n o f t h e o o t h e c a
Freshly darkened oothecae give a positive reaction with ninhydrin, and a positive biuret reaction if they are dissolved in strong caustic soda solution. Both these reactions are given very strongly by the newly secreted ootheca before it has darkened, but fall off with increasing age of the material. The argentaffin test (performed on sections) is positive. This test, elaborated by Lison (1936) , is carried out by immersing sections in a dilute solution of ammoniacal silver oxide for 24 hr., when any sufficiently strong reducing agent present in the sections gives rise to a black pre cipitate of silver. The number of compounds which will yield a positive result is very limited; the only ones yet found in biological material are polyphenols and polyamines. The results of the test are not very strongly positive, but since the ootheca has to be treated with dilute hydrochloric acid to remove the crystals of oxalate before it can be sectioned at all, this is not necessarily very significant. If aqueous extracts of the oothecae are tested with dilute ferric chloride solution they give a brilliant green colour, which changes to red on the addition of sodium carbonate, thus showing the presence of ortho-dihydroxyphenols. From these results it appears th a t the ootheca is mainly composed of a protein, and th at the darkening is probably due to the oxidation of an ortho-dihydroxyphenol.
The type of natural protein which most closely approaches the protein of the ootheca in the degree to which it resists chemical action is keratin. Since more is known about the structure of the molecule of keratin than is known about most scleroproteins, it is worth while enquiring into the factors to which keratin owes its stability, with the object of seeing whether the same conditions apply to the protein of the ootheca.
The work of Astbury and his collaborators (for summary see Astbury 1936) has made clear the main points in the structure of the keratin mole cule. The resistant properties of keratin are largely due to the presence of primary valence cross-linkages between the protein chains, formed by the sulphur atoms in cystine side chains. The presence of this sulphur crosslinkage system is very characteristic of keratin, but it is not the only factor responsible for its stability. If keratin is treated with an alkaline solution of sodium sulphide, or other strong reducing agent, the sulphydryl groups are reduced, so th at the cross-linkages are broken down, and the protein becomes soluble. K eratin dissolved in this way can be re-oxidized, so th at the cystine bridges are reformed, but it never regains its former stability, and remains soluble in dilute alkalies and liable to hydrolysis by enzymes. This has been explained by Goddard and Michaelis (1934) as being due to the fact th at the original parallel orientation of the chains is lost, so th at close packing becomes impossible, and the effect of secondary valence bonds and of van der Waals's forces in keeping the chains together is very much reduced.
The oothecae of Blatta are isotropic when examined in polarized light, both in section and in surface view. This shows th at there is no parallel orientation of the protein chains; a conclusion which is confirmed by an examination of the X-ray diffraction pattern. This shows a typical powder diagram, with a complete ring, whose distance from the centre corresponds On the hardening of the cockroach ootheca 381 to a spacing of 4-5 A. Since the oothecae are composed of a protein with no parallel orientation of the chains, it seems probable th at it possesses a very well-developed system of primary valence cross-linkages which is re sponsible for its resistance to enzymes and chemical reagents. The presence of such a system is also shown by the behaviour of the oothecae when treated with strong swelling agents, such as concentrated solutions of lithium iodide. Lithium iodide solutions will cause substances such as silk fibroin, which is held together entirely by secondary valence linkages, to swell up, and eventually to dissolve entirely. It is, however, quite without effect on Blatta oothecae or on pupal exuviae of Ephestia, from which one may conclude that these substances owe their resistant properties to the presence of primary valence cross-linkages, which the lithium iodide is not able to disrupt. These linkages cannot be of the same type as those of keratin, since the protein of the oothecae, and of insect cuticle in general, has a very low sulphur content. An analysis of the ootheca, after purification by digestion with pepsin and subsequent boiling in repeated changes of distilled water, gave a sulphur content of 0T 5 % (equivalent to 0-56 % cystine). exuviae treated in the same way gave no sulphur at all. Neither Blatta oothecae, pupal exuviae of Ephestia, nor puparial exuviae of Calliphora were at all softened or swollen when they were heated to boiling point in a solution of sodium sulphide at pH 10. Pieces of human finger nail used as a control were greatly swollen and eventually disintegrated completely.
N a t u r e o f t h e s e c r e t i o n o f t h e c o l l e t e r ia l g l a n d s
The material of the ootheca is derived from the colleterial glands of the female, of which there are two, one on either side, with their openings close together on the dorsal side of the vagina. Although they are morpho logically left and right, they are not symmetrical; the left is much the larger of the two, and its tubules completely surround the right gland. Both of them consist of a large number of branching tubules opening into a common duct, but they differ in their histology, and in the nature of the secretions they produce. In fresh dissections the left gland appears white and slightly opalescent, and if cut across a white fluid containing crystals of calcium oxalate oozes out. The right gland is slightly more compact in structure, and it is quite transparent and colourless. The secretion is a watery solution without any crystals in it. Ito (1924) has described the histology and anatomy of the glands, and concludes that the bulk of the ootheca is formed from the secretion of the left gland, and th at the right gland secretion serves to stick the eggs together at the moment of their inclusion in the ootheca. Schmalfuss and Barthmeyer (1931) observed th a t the oothecae contained large quantities of a dihydroxyphenol, which they suggested " might have something to do with the hardening" .
The secretion of the left gland is soluble in water, in which it gives an opalescent whitish solution which is rapidly precipitated by chloroform and by all the usual protein precipitants. It gives a positive reaction with ninhydrin and with Millon's reagent, and a positive biuret and xantho proteic test. Neither the glands when fresh, nor the lumps of coagulated secretion derived from them, will stain with black sudan B or sudan III, nor do they dissolve in fat solvents. From these tests it appears that the secretion of the left gland is a water-soluble protein, and th at it does not contain any lipids in appreciable quantities.
The secretion of the right gland is a clear watery fluid. The contents of the glands are not precipitated by formol, chloroform, or any of the usual fixatives, so th at it appears th at protein cannot be present in large amounts, although it is difficult to say that it is absent, because one cannot obtain samples of the secretion uncontaminated by proteins from the cells of the ducts. If the abdomen is opened out, and fixed in formol dichromate for 12 hr., the right gland alone gives a strongly positive chromaffin reaction, which enables it to be picked out easily from the branches of the left gland th at surround it. Lison (1936) has shown th a t the chromaffin reaction is a specific test for the presence of dihydroxy phenols. The colour produced is due to the pro duction of coloured oxidation products, possibly of the type of quinhydrones, from the phenol present in the tissue. I t can be shown that it is not due to the absorption of reduction products of the dichromate, since the reaction can also be performed with iodates instead of dichromates, although both the iodates and their reduction products are colourless. I have repeated the test on the right glands using potassium iodate, and find th a t it still gives a positive result.
These tests afford good evidence th at the right glands secrete a com pound containing the catechol group, and this may be confirmed by testing the fluid from half-completed oothecae. Drops of this fluid can be obtained by pulling the oothecae out of the ventral pouch of the female before they are complete. If a drop of the fluid is tested on a slide with a dilute solution of ferric chloride, it develops a deep green colour, which changes to red on the addition of sodium carbonate; a reaction only given by ortho-dihydroxyphenols.
In the hope of being able to obtain some guide as to the precise nature of the compound secreted by the right gland, I have examined the litera ture for previous records of the isolation of phenolic compounds from insect material. It appears to have been generally assumed that the chromogen which acts as the precursor of melanin in insects is tyrosine or dihydroxyphenyl-alanine (dopa), but although there are numerous records of the presence of water-soluble dihydroxyphenols in insect material, I have only been able to find two instances of the isolation and identification of the supposed chromogen. Schmalfuss and Muller (1927) isolated 3-4-dihydroxyphenyl-alanine from the elytra of two species of Melolontha; and Schmalfuss, Heider and Winkelmann (1933) isolated 3-4-dihydroxyphenyl-acetic acid from the elytra of Tenebriomolitor. All the other authors who have concerned themselves with this point have been content with the extraction of various parts of the insects with water, and the demonstration th at there were dihydroxyphenols present in the extract.
The secretion of the right gland is freely soluble in alcohol and ether, and cannot therefore be dopa, since dopa is very insoluble in alcohol (Schmalfuss and Werner 1926) . If an aqueous extract of oothecae is shaken up with ether, some of the dihydroxyphenol present goes into solution in the ether layer, and its presence there can be demonstrated by separating off some of the ether, evaporating to dryness, and then taking up the residue in water and testing with ferric chloride. If enough sodium car bonate is added to the water to make it distinctly alkaline, it will com pletely remove the phenol from the ether layer. This behaviour shows that the phenol must contain a carboxy group in a side chain (Schmalfuss et at. 1933) . From the results of the ferric chloride reaction we know th at it contains two hydroxy groups in the ortho position, so th at we are left with the following formula:
The question of whether there are any other groups attached to the benzene ring, and of the exact composition of the known side chain, can only be settled by isolating the compound and performing an analysis. Until an opportunity of doing this arises, I have assumed as a working hypothesis that the compound is 3-4-dihydroxyphenyl-acetic acid.
If the left gland is carefully dissected out, so th at there are no bits of the right gland mixed with it, it may be kept in a phosphate buffer at pH 8-0 for an indefinite time without any appreciable change in colour taking place. If the gland is dissected out and put straight into the buffer without further preparation, it generally becomes slightly brown after about a week at room temperature; but if it is washed in buffer solution after dissection, to remove all traces of blood, etc., it will keep indefinitely without becoming any darker than a pale ivory colour. I have kept preparations of left glands for 4 months in this way, using thymol or toluol as an antiseptic, without any darkening of the contents of the glands having taken place.
If left and right glands are mixed, however, and kept in a shallow dish with buffer at pH 8*0, the contents of the lumen of the left gland colour up in a way th a t resembles the normal darkening of the ootheca. The reaction is slow, and nothing is noticeable at room temperature until the pre paration has been standing for about 12 hr., when a pale pink colour appears, particularly on those parts where some of the contents of the left gland have leaked out of the duct before denaturation set in. This colour darkens gradually to a reddish brown, which exactly resembles the colour of the ootheca or of the under parts of adult Blatta. After some days, the fluid in which the glands are lying may show a reddish colour, but there is never any sign of the formation of a black precipitate of melanin. Eventually, after about 10 days at room temperature, the contents of the gland become almost black, and appear as a conspicuous dark rod inside the lumen. The cells remain transparent, and only become a faint pink colour at most. The right glands by themselves never show this series of changes. If kept in buffer at pH 8-0, they may become brown after about 24 hr., but this change does not at all resemble the reaction that occurs when the two glands are m ixed; the contents of the ducts are not differentiated from the cells, and the colour is a very pale khaki, as com pared with a rich reddish brown or black of the left gland in mixed pre parations.
A particularly striking reaction can be obtained by using the fluid secretion which surrounds the eggs inside the ootheca instead of the right glands themselves. Drops of this fluid can be obtained from fresh oothecae by pricking a small hole near one end and squeezing the ootheca gently between finger and thumb. If left glands are allowed to stand in a solution made up of this fluid diluted with phosphate buffer at pH 8-0, the material which has exuded from the cut ends of the ducts becomes bright pink after about 5 min., without there having appeared the faintest signs of colour in the solution as a whole. The colour th at appears first is a slightly purplish pink, which darkens in the course of 24 hr. to a dark reddish brown, and eventually to black. This series of changes is very similar to that which occurs in the normal ootheca, as described earlier. The newly secreted ootheca is white, later becomes pink, then red, and finally dark brown or black. If an incomplete ootheca is removed from the pouch of the female and washed in distilled water, some of the white part dissolves, but such of it as remains wdll not darken; whereas if the ootheca is not washed, but merely kept moist with buffer at pH 8-0, the white parts darken in the normal way.
The failure of the right-gland extract to deposit a precipitate of melanin on standing confirms the view th at the active principle is not an amino acid. Keilin and Hartree (1936) have found th at if tyrosine is deaminated, the ^9-hydroxypyruvic acid which results is oxidized by tyrosinase, but th at the reaction never gives rise to an insoluble black precipitate of melanin.
Both the darkening of the excised left gland in vitro and the normal darkening and hardening of the cuticle are dependent on the presence of an adequate supply of oxygen. Gortner (1911) observed th at the darkening of the cuticle of newly emerged imagines of Cicada could be prevented if they were kept under boiled water in stoppered bottles, and Dewitz (1916) noted th at the darkening of the puparia of could be prevented by covering them with water. I have confirmed Dewitz's findings on Calliphora, and have performed similar experiments on freshly moulted Tenebrio molitor larvae and imagines of Pyrrhocoris apterus with the same results. The reaction of the two colleterial glands is also dependent on the presence of oxygen, as is shown by the fact th at if protein from the left gland is dissolved in a comparatively large volume of buffer solution (about 5 c.c.) and kept in a narrow tube, darkening starts at the surface of the liquid and spreads downwards. A more exact demonstration can be performed as follows. The glands are dissected out into phosphate buffer in the usual way, and put into a vacuum desiccator containing an alkaline solution of pyrogallol. The desiccator is then thoroughly evacuated in order to remove as much oxygen as possible from solution in the buffer, and coal gas is allowed to run in. In this way the mixed right and left glands may be kept indefinitely without any darkening taking place.
The step in this series of reactions for which the presence of oxygen is essential is presumably the oxidation of the right-gland secretion, and it is a point of some interest to determine whether or not this oxidation is catalysed by an enzyme, since at the pH at which the experiments vitro have been performed, polyphenols such as catechol or dopa will oxidize spontaneously. The pH of the fluid inside the ootheca, however, as tested with B.D.H. universal indicator, seems to be about 7-0, and the reaction of the excised glands will take place at this pH, although it is slower than it is at more alkaline values.
If the cockroaches were heated to 70° C before being dissected, no reaction took place between the two glands; but this was probably due to the premature oxidation of the polyphenol, since the right glands in these preparations were discoloured, and there were yellow granules in the lumen of the ducts. More definite results were obtained by the use of sodium cyanide, which inhibits the action of polyphenol oxidase in very low con centrations (Keilin 1929). Mixed preparations of both glands remained colourless for a week if they were placed in a m /2 0 0 solution of sodium cyanide (adjusted to pH 8-0 with hydrochloric acid); while controls from the same batch of cockroaches reacted together normally, and after 4 hr. were almost black. After a week to 10 days the preparations made up with cyanide began to darken, but this may have been due to spontaneous oxidation.
When the contents of the left gland are allowed to darken in vitro, the resulting products share many of the properties of the mature ootheca. They are more resistant to the action of mineral acids, and to the action of pepsin and trypsin than the untreated glands, and seem to be harder when tested by pressing beneath a coverslip.
In order to show these differences to best advantage it is necessary to prepare two batches of left glands dissected at about the same time, one of which has been mixed with right glands and allowed to darken, and the other of which has been carefully freed from traces of the right gland by washing in distilled water, and, as an additional precaution, has been kept deprived of oxygen by the technique described above.
If the two samples are placed in concentrated hydrochloric acid, the controls immediately become soft and show signs of dissolution, but the darkened glands do not alter, except for a slight shrinkage. After about 36 hr. the untreated glands dissolve completely, leaving only parts of the chitinous lining of the ducts, which finally dissolve as well. The darkened glands, on the other hand, appear to be able to resist the action of the acid almost indefinitely. The differential action of pepsin is less striking, since in vitro the enzyme acts very slowly even on the untreated glands. Small samples of both batches are placed in dishes containing a 10% solution of pepsin in buffer (potassium chloride and hydrochloric acid) at pH 2-2, and incubated at 37° C for 3 weeks, using toluol as an antiseptic. At the end of this time the controls show almost complete solution of the contents of the lumen of the glands, and considerable corrosion of the cells; the darkened glands show some corrosion of the cells, but the contents of the ducts remain unchanged.
Similar results are given by immature oothecae when they are incubated with pepsin. The oothecae are removed from the ventral pouch of the female, cut in half, and after the eggs have been removed they are washed in ether to free them from fat. The ether is then removed by evaporation, and one half of the ootheca is placed in a pepsin solution as before and incubated at 37° C. The other half is kept in a 4 % solution of formol as a control. After about a week's incubation, the white parts of the ootheca are all dissolved away, while the brown parts are only attacked in places. If the oothecae are examined under a binocular microscope it can be seen that only those parts in which the process of darkening has been incom plete, such as the white patches between the ridges along the sides of the opening, have been attacked.
The resistance of the darkened glands towards enzymes and chemical reagents suggests that, as in the mature ootheca, there is a system of primary valence cross-linkages present. The water-soluble protein secreted by the left gland cannot have any cross-linkages at all; and although on standing it coagulates and becomes insoluble in water, the coagulated protein does not acquire its resistant properties until it has darkened. The darkening is undoubtedly due to a reaction with the oxidation products of the polyphenol secreted by the right gland, and it seems reasonable to suppose that this reaction majr also be responsible for the change in the chemical and physical properties which occurs at the same time. Duliere and Raper (1930) have investigated the course of the oxidation of dopa and a number of related compounds, such as methyl tyrosine and tyramine, and they find that the first product of the reaction is always an orthoquinone. This has been confirmed for catechol by Wagreich and Nelson (1938) . If the initial oxidation product of the secretion of the right gland is an orthoquinone, it seems very likely th at it would react with any protein present, since quinones are in general very active compounds, and a reaction between a quinone and the amino group of a protein have been described before. A reaction between the oxidation product of 49-cresol and an amino acid was suggested by Raper (1932) as an explanation of the formation of the blue compound (" Cresol blue" ) which was described by Chodat (1912) as being produced when tyrosine was oxidized by tyrosinase in the presence of p-cresol and an amino acid such as glycine or alanine. Chodat also described reactions between the tyrosinase-p-cresol system and proteins, particularly partially hydrolysed gelatine. The orthoquinone derived from dihydroxyphenyl-acetic acid only differs from that derived from p-cresol in the possession of a carboxy group in the side chain, and it seems likely th at their reactions will be similar.
Benzoquinone reacts strongly with proteins, and this reaction has been studied by chemists interested in the process of leather manufacture, since it results in the tanning of the protein. If hide powder (powdered collagen) is treated with a strong solution of benzoquinone at a pH value above 6-0, it is efficiently tanned; th at is to say it no longer dissolves in hot water, and can be dried in moderate warmth without losing its characteristic texture. I have compared the effects of benzoquinone on standard hide powder with those of various vegetable tannins, such as myrobalans or oak bark, and I find th at its action is very much more rapid and more efficient. The only reagent which produces a degree of heat resistance approaching th at produced by benzoquinone is formol. The reaction in volved in quinone tanning has been investigated by Meunier (1914) and by Thomas and Kelly (1924) . Meunier suggested th at the quinone reacted with the amino groups of the protein, with the formation of a quinonecollagen compound, and the reduction of one molecule of quinone to hydroquinone; and Thomas and Kelly confirmed this by showing that a high concentration of hydroquinone decreased the rate of the reaction. Meunier gives the following formula for the reaction: I t is more in accord with modern ideas of the essential nature of the tanning process to suppose th at the quinone reacts with two different amino groups attached to neighbouring protein chains, and so forms a cross-linkage between the two as in (II). The reaction may also involve the imino groups of the main chains.
(II) Quinone tanning. Reaction with two lysine side chains.
Benzoquinone will react with the protein secreted by the left gland, and the reaction appears to be very similar to th at which takes place between the protein and the right-gland secretion. By using a very dilute solution of quinone, it is possible to imitate the action of the excised right glands so perfectly that left glands treated with benzoquinone are indistinguishable from glands which have been allowed to react with the secretion of the right glands. In order to demonstrate this, the left glands are dissected out into phosphate buffer at pH 8-0 in the usual way, and a small crystal of benzoquinone is added to about 10 c.c. of the mixture. The quinone dissolves and forms a yellow solution, the colour of which soon changes to a dark pink: within 5 min. the contents of the glands begin to stain a reddish brown colour, in the same way as they do in a mixed preparation of both glands. After about a week, the protein absorbs nearly all the quinone from the solution, leaving dark brown glands in a very pale pink fluid. If the reaction is carried out in distilled water instead of in buffer, the quinone in solution remains a pale yellow, and only the protein is coloured pink, which is very like the sequence of events when the glands are treated with oothecal fluid. This behaviour is not peculiar to the pro teins secreted by the colleterial glands; a similar reaction can be obtained with pieces of gelatine jelly. The properties of the glands tanned in this way are exactly those of the glands darkened by the action of the right gland secretion, and they will resist the action of concentrated hydrochloric acid in the same way. The degree of resistance which can be produced by tanning with benzoquinone does not appear to be superior to that which can be produced by allow ing the natural reaction to go to completion under optimum conditions. All this suggests that the reaction of protein wflth the quinone derived from the right-gland secretion is fundamentally similar to the reaction with benzoquinone, so that by analogy with the quinone reaction wre may write the reaction concerned in the natural hardening of the ootheca as follows: In order to find out whether it really is the amino and imino groups of the protein which are concerned in the hardening reaction, I tried the effect on the reaction of first treating the glands with formol. Formol reacts with the amino groups of basic side chains of proteins (Cherbuliez and Feer 1922) , and with the imino groups of the main chains (Bergmann, Jacobson and Schotte 1923) . Treatment with formol should therefore occupy all the available amino and imino groups and prevent them taking part in any further reaction.
The experiment was carried out as follows. Left glands were dissected out into formol (4 0 %) and left in the solution for 3 days. They were then washed in running water for 6 hr., and allowed to stand in dilute quinone solution, or in an extract of the right glands, for a fortnight (both solutions made up in phosphate buffer at pH 8-0). Neither of the preparations showed any reaction, and the contents of the lumen of the ducts remained perfectly white. In both experiments a small piece of untreated left gland was included as a control, and in both it darkened normally.
Treatment with formol does not affect the carboxy or carbonyl groups of the protein, so th at these results confirm the supposition that it is the basic groups which are concerned in the reaction with the quinone derived from the right-gland secretion.
The vegetable tannins used in commercial practice are all complex dior trihydroxyphenols, and there is every reason to believe th at they react as such, and do not require to be oxidized to quinones. I t is therefore hard to understand at first sight why the dihydroxyphenol secreted by the right gland does not react with the protein from the left gland without previous oxidation.
The reason probably lies in the differences between the types of linkage formed with proteins by various tannins. The vegetable tannins do not form primary valence links, but only electro valent " salt linkages". According to Kuntzel (1937) the phenolic hydroxy groups of the tannin form links of the type of ammonium salts with the former, and of the type of " oxonium" salts with the latter. The great firmness with which the tannin is held by the collagen is due to the large number of links involved, and to the great size and inertia of the tannin molecule, by reason of which it is less affected by thermal agitation (Lloyd and Shore 1938) . The di hydroxyphenol secreted by the right gland is of comparatively low mole cular weight, and so these special conditions are not fulfilled, and it does not act as an effective tannin.
Formol owes its effects to the formation of primary valence links (Kuntzel 1937), and I think there is no doubt th at the same is true of benzoquinone. This difference in the nature of the links formed with the protein is reflected in the difference between the effects produced by formol and benzoquinone on the one hand, and the vegetable tannins and chrome salts on the other. Benzoquinone and formol produce a degree of heat resistance, and of resistance to the action of enzymes, which is much superior to that produced by other tannins, and they react much more rapidly. Although they both combine with the basic groups of the protein, they will react at a pH well above the isoelectric point; whereas vegetable tannins will only act effectively if the solution is on the acid side of the isoelectric point of the protein, since they require maximum ionization of the basic groups.
I t seems therefore th at the type of reaction which occurs between the phenolic hydroxy groups of vegetable tannins and the basic groups of proteins is incapable of producing the effects observed in the " tanning" of the oothecal protein, and this explains why the oxidation of the phenol secreted by the right gland to the corresponding quinone is an essential step in the natural hardening process.
The protein of the completed ootheca is very dense and compact in texture, and this is undoubtedly an important factor in increasing its resistance to chemical reagents. A similar texture can be observed in cubes of gelatine jelly which have been thoroughly tanned with benzo quinone. After standing in a concentrated solution of benzoquinone for about 2 months, pieces of gelatine jelly shrink to about half their original size, and become as hard as wood. This change is due to the occupation of most of the strongly hydrated groups of the protein by the benzoquinone, and probably also to some extent to the polymerization of the quinone in the meshes of the protein network. The changes in the texture of the oothe cal protein as it hardens are probably due to similar causes. Kuntzel (1937) has compared the process of tanning to the vulcanization of rubber with sulphur trichloride, since in both these processes the stability of a preformed molecular framework is increased by the intro duction of cross-linkages. Both these industrial processes have their counterpart in nature, since the keratins of the vertebrates have justly been called " vulcanized proteins" (Astbury 1936) , and the protein of the ootheca may equally well be called " tanned protein" .
If the name keratin is reserved for the " vulcanized" scleroproteins which owe their stability to the presence of sulphur cross-linkages (following the definition of Goddard and Michaelis 1934), then it is convenient to have a name for scleroproteins which owe their resistant properties to the presence of aromatic cross-linkages. I therefore propose the name " sclerotin" as a general term to describe proteins such as th at of the cockroach ootheca, which owe their stability to a process of natural tanning. In choosing the name, I have followed the usage of Ferris and Chamberlin (1928) , who objected to the indiscriminate use of the word " chitinized" to describe the hard parts of insects, and proposed instead the non-committal word 'sclerotized I wish to thank a great many friends for useful suggestions; in particular Dr L. E. R. Picken, who kindly took the X-ray diffraction pictures for me, and has been a constant source of helpful advice. My thanks are also due to Dr A. D. Imms, Dr C. F. A. Pantin and Professor D. Keilin for helpful criticism and advice at various stages of the work.
M. G. M. Pryor

S u m m a r y
The series of reactions concerned in the hardening and darkening of the ootheca of Blatta orientalis have been studied in the hope th at they may throw some light on the hardening of the cuticle of insects in general. The ootheca is secreted by two glands, of which one secretes a water-soluble protein, and the other a dihydroxyphenol. After secretion the phenol is oxidized, probably by an enzyme, to the corresponding quinone, which then combines with the protein by a reaction similar to th at involved in the tanning of collagen by benzoquinone. This results in the introduction of primary valence cross-linkages into the protein network, so that it becomes rigid and very resistant to most chemical reagents and enzymes. The protein of the mature ootheca is more stable than keratin, and repre sents a new type of scleroprotein for which the name ^sclerotin" is proposed.
R e f e r e n c e s
A stb u ry , W . T . 1936 Nature, Loud., 137, 803. B e rg m an n , M., Ja c o b so n , M. a n d S ch o tte , A. 1923 In the preceding paper an account was given of the reactions involved in the hardening of the ootheca of Blatta orientalis. The ootheca is secreted by two glands, one of which secretes a protein, and the other an orthodihydroxyphenol. The phenol is oxidized to the corresponding quinone, which reacts with the basic groups of the protein in such a way as to introduce primary valence cross-linkages between the protein chains, and so very greatly to increase the stability of the protein. For this type of " tanned protein" the name sclerotin was proposed. In the course of the reaction the protein takes on a deep reddish brown colour, so th at the process affords a close parallel to the changes which take place during the hardening of the insect cuticle in general. I have therefore investigated the hardening of various types of insect cuticle with the object of seeing whether the same mechanism is involved.
